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ABSTBACT

f{;Hbdel studies on’ 1 6— and 2. 4-ftdwide (&B 76 and 73.15" cm) Type ' SR
~f{stilling ‘basins were . conducted to: modify existing standard ‘design pro- E
 .cedures.: Investigations wete ‘concerned. with' ‘basin "entrance ‘flow ‘com= o
" ditions’. including type 'of “entrance, slope, velocity, -and ‘Froude " number,:

. -basin dimensions in relationto the ‘basin width;' ‘basin width in rela-

/- tion to Froude number; and" riprap size and locatioa. Performance was

g evaluated in:terms of enmergy dissipatioa and prototype operation..=An “?4:'
.t;optimum tailwater, an- alternate end sill design, ‘methods . of : preventing,?,'

"/ ¢logging of ‘the basin. and ' means - for automatic removal of . sediment from
.,?the hasin were: suggested. :

'T;QDESCRIPTORS-I *stilling hasinsl entrancesl *tiprapl erosion/ *hydraulic
“models/’ hydraulic structures/ discharges/ *energy. dissipationl ‘velocity/. - _ il
“pipes/ open:channels/ debris barriers/ *laboratory’ testsl bafflesl ‘model - 'mf'“_ B
.7 tests/ . sediment concentration/ trash racks/ impact AT
. -IDENTIFIERS--/ deflectors/ Franklin r'anal, Tex/ *enetgy dissipatorsl

':{?%ptogress reports




PURPOSE

This study was conducted ‘to standardlze and modlfy ex1st1ng
procedures used in the de51gn of the 1mpact Type VI stilling-
‘basin. . oo

DESIGN RECOMMENDATIOVS

The follow1ng procedures and rules are recommended in the
design of the Type VI basin: :

1. .Given a design. d1scharge ”Q“ determlne the veloc1ty R
"V" and Froude number "F" of tiie incoming flow. If the _
Froude number is less than -1l or more than 10, use of this '~
basin is not practicable. -

2. In computlng the Froude number assume the depth "pv
to be square root of the cross sectional area of the flow -
at the entrance "Q/V." The flow is usually from a pipe.
- If the pipe flows partially full, it should be vented

‘at the upstream end. , 2

3. . If the. entrance pipe. slopes downward the outlet end -
of the pipe should be turned ‘horizontal, or the invert
fllled to form a horizontal surface, for at least one

~ For slopes 15°
or greater, the horizontal length of plpe or flllet should
be two or more dlameters.‘ _

= ;r,‘.

et

4.. If the flow enters the ba51n from a rectangular open

channel, the- channel walls should be as high -as the basin
‘walls and ‘the invert should be horizontal for a minimum .
of two . channel widths upstream from the ‘basin.

‘5. Hav1ng determlned the Froude number, -enter Flgure
8 to flnd the’ mlnlmum requlred WldLh of basin.

6. Flgure 8 shows data points above ‘the’ recommended w1dthgf
that prov1des ‘satisfactory: Operatlon for basins larger

~:than the. aeslgn limit; however, if the basin is too large,
the incoming jet will pass under the hanglng baffle to:

- ‘reduce .the effectiveness of the basin.. Since the basin
.will be larger ‘than need be for less than design flows,
the ba51n should not be over51zed for the de51gn flow. =

.QHT.s Relate the ba51n dlmen51ons to the basin. w1dth in
" accordance -with. Figure 1l.- The dimension "t" 'is a suggested
. minimum thickness for the ‘hanging baffle and is not related.'
;-to the hydraullc performance of the structure. )

~
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8. To prevent the posslblllty of cavitation or 1mpact
damage to the basin, it is believed that an entrance velo-
city:of 50.feet’ (15 24 meters) per second should ‘not ‘be
exceeded.g _ s,

.9.1 Rlprap wlth a well—graded mlxture of" stones, most
. . of which have diameters equal to one-twentieth of the
_— 'ba51n ‘width, should be placed to .a depth equal to the
" ...  height of end sill for a distance equivalent to one ‘basin
width downstream from the end sill.  The.riprap on the
/side slopes should extend to the same height as the, tralnlng'
f'walls. . ‘ S )

If the elevation of the channel bed is below the end sill,
the velocity of flow entering the channel will be' increased
and the riprap stone size should be increased as ‘determined
using Figure 14, The drop in elevation from sill to bed
i must be added to the velocity head of the flow at the
L end sill, as determined from Figure 13, to obtain the- R h
i “.average veloc1ty of flow entering the tallwater channel. I
This velocity can be used in Flgure 14 to determlne the
~ size of stones requlred.

v 10 Tailwater depth other than that created by the natural
e slope of the channel is not required. However, a smoother
‘water ‘surface will be obtained and smaller - riprap stones . _
can be used by increasing the tailwater depth in the channel
e "to-a depth of d@ + b/2-{see Figure 1 for definition of-

7 . I'd".and "b") above-the basin floorc Compare Figures 4

R - and 6 w1th Flgures 15 and 16. ' ‘

-;11; Thls babln is- more effective in the d1551patlon of
energy . than ‘the hydraulic jump, Figure 145 Prototype
- :basins have ‘operated’ successfully with entrance velocities.
cup ‘to 38ifeet per second (Tabre 1 and Figure 17) and the,
_ -recommended riprap size. requirement has been verlfled
,;by the performance .of these basins.

m312 : The alternate ‘end sill de51gn (Flgure l) utlllzlng-

--the *45° ‘wingwall is not requlred ‘but will reduce the drop

- 'in-water surface elevation from end 5111 to channel (Flgure Ny .
T13) and reduce channel -erosion. - - _ .

<13, °Ne practlcal method of ‘making the basin self-cleaning
2 rof debrls such as Russian thistles was found. Where debrls
:..-“is-a problem, screening devices are recommended at the -
';Eentrance to and over the top of the structure. -If thistles
rﬁ_are allowed to enter the ba51n, they w1ll not wash out.




- . 14. .During periods of nonOperation,'sedlment may accumulate
‘R in the basin. ‘Botches in the baffle (Figure 1) are .recom—"

. mended. to provide ‘two jets that will start the erosion
of the sediment which will eventually be washed from ‘the
basin., However, the ‘basin is .capable of satlsfactorlly :
discharging ‘the entire design flow over the top of the e
'baffle for short perlods of tlme.-_ : : :

INTRODUCTION

Stilling Basin VI as referred to in Section 6 of Report
No. Hyd-399 1/ and in Engineering Monograph No. 25 2/ was -
originally developed for use as -an energy dissipator at several
‘locations on the Franklin Canal. Many of these basins are
in use on other Bureau projects and generally they have been - -
‘designed in accordance with the procedures outlined 'in theseﬁ“"
two publications. However, operation of the various prototype
structures has revealed the need for~zevision of these design
standards. Unforeseen operating conditions in the field and.
. - - the over generalization of the present design rules have caused
N B ,operatlng problems at some of the prototype structures.

i

 Four pr1nc1pal Operatlng problems that have occurred at varlous
installations are: (1) The basin tends to clog with debrls
upstream of the hanging ‘baffle.- Russian“thistles and similar
. weeds are the main source of ~che debris which is not generally
_a ‘problem in cultivated ar@as.; .(2) Excessive splash overtopping
‘the compartment walls upstreamxof the baffle, usually resulting -
_ from too small -a basin for ‘the quantlty and. VPlOClty of flow
~ 'involved, ‘has eroded the £ill outside the basin:walls. (3)-
. The dlscharge from the entrance pipe passes under the ‘baffle,-
'resultlng in’ very little energy dissipation in the basin and
. excessive erosion of the downstream channel. This has occurred
.. .with a sloping entrance pipe or with an oversized basin having'
. a ‘horizontal -entrance plpe discharging at less ‘than.the design
-+ flow. (4) Channel erosion:at the .end. of ‘the basin: where the
'51ze of rlprap was not adequate.- o : :

THE. MODELS'

'Two model ba51ns, 1.6 and 2.4 feet (48 76 and 73 15 cm) w1de,
were” constructed.- ‘“The - other dlmen51ons were related to the
~”_w1dth of the ba51n as, shown in Flgure 1. -

.[:g 7Hyd 399 *f"Progress Report 11 - Research Study on. Stllllng
.j-ABaSLns, Energy DlSSlpatorS, -and. Assoc1ated Appurtenances _-
‘ffby Jds N. Bradley and A.uJ Peterka ‘ e

éif;fz/July 1963 prlntlng of Englneerlng Monograph 25 -'“Hydraullc ﬂ-”
- +iDesign: ‘of " St1111ng Basrns and Energy Dlssrpators" by A. J.‘_ o
_;TPeterka SR B e e ; B :




an 8-inch . (20 32-cm). 1nsxde-d1ameter plpe was used at the
entrance to each of the basins.: . Deflectors of various .sizes. :

'~ were ‘installed on :the .crown of ‘this pipe upstream-of the portal
to vary :the wvelocity of flow enterlng the basins. - One-fourth,
one-half, three-fourths, and full pipe flows were used in’ -
the tests as well as flow from an. 8-1nch {20. 32-cm) rectangular
open channel. : :

Each of the two ‘basins dlscharged 1nto a canal sectlon llned
‘with 1-1/2-inch (38.10-mm) gravel. . Tailwater elevations were
controlled by stoplogs at the end of the canal section. The
" bottoms of the canal sections were at the same elevation of
the basin end sill and were as wide and as long as the basin : R
-~ width. The side slopes were 1-1/2 to 1 for the 2.4-foot (73, lS-cm) ;“-“
- wide ba51n and vertlcal for the smaller basin. . &

THE INVESTIGATION

‘The 1nvest1gat10n was prlmarlly concerned with relating the.
basin size to the dlscharge and velocity and in relating the
downstream channel and riprap requirements to the basin size.

. 1t was .also concerned with special situations 1nvolv1ng debris,
. silt, tallwater, sloping .entrance pipe, and rectangular open

. -channel ‘entrances not usually encountered in the standard
.de51gn of the Type VI bas1n.

:_Standardlzatlon of tne Ba51n Dlmenszons in Terms of BaS1n
Width. L ) ‘

g Inltlally, a test bas1n was constructed w1th dlmen51ons related
~ _to the basin width in accordance with average relationship -
.. -of -the dimensions given in Table 11 ‘of Reference 2. 'To test
. .the .adequacy of this 2.4-foot (73.15-cm) wide model basin, :
tests were conducted over a range of flows ‘that -had. been deter- -
‘mined ‘in the earlier tests (Reference 2) to be the limits
- of exceptlonally ‘mild operation and of satisfactory maximum
.. flow for .a given ‘basin width, providing the entrance flow
'-.ﬂveloc1ty d1d not exceed 30 feet (9 14 m) per second (prototype)

'ffThese test dlscharges were related to the ba51n w1dth 1n accord-f-'
‘”Hance w1th the equatlon.‘ - : - : B

= iW/é) 2.3

_ hwhere'"Q“ is the dlscharge ln Cublc feet per second "W" -is
‘. ‘the ‘inside width: of basin in: feet, and "C" -is-a coeff1c1ent
‘-that varies for’ the ‘maximum,- mlnlmum,;and 1ntermed1ate flows.
“The coefficient in Engllsh aunits s 1l.46for the maximum flow,
+ 180 ifor the minimum flow, .and 1.60 for: the dintermediate flow.

S (To* obtaln the discharge in-cubic¢ meters per ‘second, -the w1dth
V:must ‘be ‘in meters-and the: coefflclent must be multlplled by

l 27 ) Each test dlscharge Was. runvat approx1mately half




full and- full plpe to obtaln hlgh- and 1OWﬂentrance veIOC1ty
.conditions ‘and ‘with controlled and ‘uncontrolled tailwater =~
depths (Figures 2 and 3). Particular attention was given =
to the intermediate: dlscharge which represented the flows
tabulated in’ Table ll of Reference 2. R

'The larger flows with the hlgher veloc1t1es 1nterm1ttently
:.surged and splashed high on the basin walls immediately’ downstre ]
- from the hanging ‘baffle and overtopped the sidewalls "at the e
downstream end of the basin (Figures 2 :and 3). To improve _
these flow condltlons, the w1dth of the notches in the baffle'ig P

-was reduced and :the notches moved\a -short ‘distance away from_ fg["

" the sidewalls. Also, the slope oit *he “top ‘of ‘the basin 51dewalls
was reduced to increase the height of the wall at the downstream.
end of-the basin. The modification to the notches reduced :
the 'splashing and the height of the water surface rise on
the 51dewalls. Increasing tne height of the 51dewalls provrded
‘additional freeboard at the downstream end of ‘the basin. ; These .
modifications are 1ncorporated into the standard de51gn dlmen510ns
}shown 1n Flgure L : : :

:Standardlzatlon of the Basin Flow'Entrance' e ;;
'-The flow usually enters the baSln from a circular plpe but

© ‘may enter from a rectangular open - channel. The pipe may flow S .
- full or partially full. "If it flows partially full and the R
“‘upstream entrance to the pipe is ‘submerged, the/pipe should ‘

- be vented to the- atmosphere. The vent ‘should be located near .

-the upstream end of the pipe ‘and have a. dlameter of about

r";me 51xth +he plpe dlameter. ' ;

.Altnough tne entrance plpe or channel .is usually horlzontal
“or ‘on .a very slight downward grade, someflnstallatlons may
-requlre’an entrance pipe on a. relatlvely steep slope. “The
~hydraulic .performance of the 2.4-foot /73.15~cm) wide model
basin was determined with the entrance pipe sloped downward
‘about “12°. Both high- ‘and low-velocity test flows partlally

'7‘_1mp1nged on the ‘hanging baffle and’ the bottom of the baffle’

fﬁwas ‘only’ partlally submerged resultlng in 1ncomplete energy o
.»dlSSlpatlon.;G‘ . R

“The.- modnl tests showed that ‘a horlzontal flllet .on the invert
of the pipe for-a distance of .one pipe. dlameter upstream from . -

.. the portal .caused greater Jet impingement -on the baffle, deeper :
'*submergence of ‘the-bottom:of the baffle, and consequently :

better.. energy d1551pat10n.‘ The same improvement could be-: SR
,obtalned by plac1ng the . entrance pipe horizontally for. a dlstance »
- of:one’.or MOKE: ‘pipe.: diameters ‘upstreanm from the basin entrance.gfﬁ?
. Eitheér of tzgse two methods .may be used for entrance pipe
-sLopes. up to 1580 0 Entrance ‘pipes: hav1ng a.downward grade _
xleedlng “15° ‘should be horizontal ; for at least itwo: dlameters3ﬁ““
pstream from the ba51n entrance./7 . - . SR :




Replacrng ‘the sloping entrance pipe in the model with an 8- :
. inch-wide rectangular channel on a similar slope did not change
‘the hydraulic performance of the basin. However, flow from

the basin backed up into the open channel, maklng it necessary
~to_raise the channel walls to the same helght as ‘the basin
walls. ‘To further contain the flow, the invert of the channel

- should be horizontal for a distance eguivalent:to at least

two channel widths upstream from the basin entrance.

- Standardlzatlon of the Basrn Wldth

With the basin dimensions standardiZed in relation to the
basin width, the next tep was to standardize the width in
relation to the quantity and velocity of the flow entering
_the basin. The test flows (Figures-zxand 3) used in verifying

~ the standard dimensions of the basin in Reference 2 were repeated_"

in the 2.4-foot (73.15-cm) wide model basin but with a riprapped
channel simulated at the downstream end of the basin. Water
surface roughness and erosion together with'the ablllty of

- the basin to contain the flow were used as guidelines in evalua-
ting the hydraulic performance test flows .(Pigures 4 through

7). Each cof the test flows was judged to be satisfactory :

. or unsatlsfactory and plotted in dimer&ionless terms {(Froude

~ number of the 1ncom1ng flow "F" versus the ratio of basin

- width to the incoming depth of the flow "W/D") in Flgure 8.

. It was believed that the shape of the 1ncom1ng jet was, relatlvely

“unimportant in.evaluating the adequacy of a ‘Type VI basin.
Therefore, to standardize the method. of computing the Froude
‘number of the incoming flow, it was ‘assumed that the cross

' sectional area of the jet in the circular pipe or ‘rectangular _
‘channel had the 'shape of a square; thus, the depth of the

¥ incoming flow' D" was con51dered to be the square root of

. 'ltS Cross. sectlonal area.

To increase the range of data to be evaluated. for Flgure 8,
the .cross sectiondl area of the incoming flow was reduced
' to one-fourth: the area of the 8-inch (20.32-cm) pipe, and
‘the velocity of the flow entering the 2.4~foot  (73.15-cm)

.. ‘wide mddel basin'was increased (Figure 9).  Thus ‘both the

“Froude. number and the w1dth/depth ratio increased. The width/ _
. depth ratio for these tests-was 8.15 at which the Froude number
of a. theoretical .square jet at the entrance was .6.70 for the :
.minimum satisfactory 0peratlon.. Because ‘the .size of the jet

- was becoming very small in relation to the width of basin,’

' . the -design curve in:Figure B was not extended beyond a width

" to depth ratio of 10 which corresponded to capac1ty flow havrng

'?_ia Froude number_of ‘about " 9.

“”:}To increase the. range of data in the other drrectron, the

. cross ‘'sectional area of the incoming flow was ‘increased in = -
. ‘relation to the has;h wldfh by ewltchrng to the’ 1.6-foot = - .

oy




(48.76~cm) wide model while maintaining the 8~inch (20.32-
cm) entrance pipe (Figure 10). The tests were evaluated and

- plotted ‘in Figure 8 at a W/D ratio of 3.08. . The side sliopes
.0of the downstream dlscharge channel were vertical and the
same distance apart as the basin side walls. AlthHough this
was not typical of the usual prototype installation and is

. not ‘recommended, it was not considered to be critical in- evalua-
~ting the performance of the basin. Por these tests the Froude
number was in the vicinity of 1.0 and the depth-of the lncomlng

" flow .was near the top of the baffle.: Therefore, it did not
appear practlcal to design this basin for U/D ratics smaller
than 3. :

Addltlonal tests were run in tnls smaller model (Flgures 11

and '12) to confirm the findings found in the larger model

basin. The results of these tests are plotted in Figure.8

at W/D ratios of 3.8 and 6.1l. The two models showed very - oo

- good agreement in what was considered: satlsfactory and unsatis=—- . -
- factory performance as seen by comparlng Figures 4 and 6 with

1l and ‘12. '

In Flgure B the stralgnt line drawn through the data p01nts
with the highest Froude numbers for which satisfactory operation
existed indicates the minimum width of basin that can be used "
for a given Froude number. :Data points akove the line 1nd1cate
‘that it should be permissible to increase the size of the
~basin approximately 2z5 percent; however, this should not be-
.done as these points represent the condition when the basin

is operating at less than the design discharge. If the basin
‘is-too large, the 1ncom1ng jet will pass under the baffle

as ‘has occurred at some installations and effective ‘energy ‘
‘dissipation-will nct occur., For best results the basin should
be d851gned ‘for the nlnlmum w1dth 1nd1cated 1n Flgure 8. . :

Standardlzatlon of the Entrance Veloc1t1

‘In prev1ous studles (Reference 2) +the. deszgn crlterla for
‘this type ‘of .structure was based on discharge alone. . The
maximum incoming veloc;ty was -arbitrarily limited to 30 feet .

~(9.14 ‘meters). per second. llowever, some prototype: structures

H)have been designed .and operated at velocities exceeding this
11m1t.” Phe Type VI stilling. ‘basins for the outlet works of
Plcacho ‘South ‘and North :Dams were designed for- Veloc1t1es
-up to .39 -and- 48 feet (11.90 and 14.63 meters) per second,’
respectlvely, for flows of 210 and '275 cubic feet (5.94 and
. .7.78..cubic meters) :per second, respectlvely. They 'have Operated
satlsfactorlly ‘at 80 percent capacity at. velocities of32 e

_Tand 37 feet 9. 75 ana 11 28 meters) per second (Flgure 17)

To{prevent theﬂp0551b111ty of cav1tat10n or lmpact damage
7 :to'ithe:basin, it is belleved that an entrance’ velocity Of " °
‘ 50 feet (15 24 meters} per second should not be exceeded.--“

B




'The maximum Froude number, 8. 82, ‘for which the basin ‘is. recom-
mended will occur at this entrance velocity-when the design
flow is 50 cubic feet (l.41 cubic meters) per second w1th

the maximum recommended "W/D“ ratio of 10. '

'Standardlzatlon of-the Dlscharge Channel Rlprap -

No channel bed erosion tests were conducted to prove the requlred
size of stones:in the rlprap. Instead, a reasonable riprap '
‘size was chosen to fit the size of basin. . HaVLng predetermlnedj
the basin size and relative size of stones in the riprap,

the discharge capacity and entrance veloc1ty llmltatlons were
.determlned as already aescrlbed

A meodel riprap was chosen that approximated a. ba51n w1dth~
to-stone diameter ratio of 20 to 1. This size appeared to

be -reasonable and was confirmed by the tests described in ,
the preceding section on standardization of basin width., These
‘tests showed that sllght erosion of the riprap began at about -
the same time as excessive water surface -roughness showed

up w1th1n and downstream of the- ba51n.

‘The model riprap con51sted of rounded gravel tnat was retalned
on a 3/4—1ncn (19.05-mm) sieve and passing a 1l-1/2-inch’
©{38.10~mm) sieve; 50 percent or more of the stones were the
‘larger size which is approximately 1/20 of the basin width.
The gravel was placed .on the channel bottom at end sill elevatlon
and on the 1-1/2 to-l side slopes for a distance equal to
“'the basin width beyond the end §ill, and to a depth equal
‘to:the height of ‘the. end sill (Figure 1) . The recommended
- nominal stone size was W/20 for the majority of the riprap.’
Fifty. percent ‘of the riprap mixture may be graded:down from
,;;thls size. The model stones were rounded, although angular.
ones would be preferred 1n the prototype. e

" In some - 1nstances, the dlscharge channel bed may be several

_1nches (centlmeters] or a few feet (meters) below the end
:5ill elevation. "This will con51derably increase the rlprap
fstone 51ze requlrement -

:°~gThe follow1ng data was- plotted to. determlne the increased - rip-

~.rap stone-‘size: requlrement. ‘The ratio. of -the’ average ‘flow ve= a
‘locity at the end sill to the average entrance velocity was '

"’ﬁplotted versus Froude number in Figure 13, ‘and the end 'sill.

' ﬁveloc1ty ‘was : plotted versus the stone 51ze requlrement, W/20,
”gln Flgure 14. - . : o :

'*The addltlonal“head ‘as prov1ded by . the lower channel bed should L
‘be ‘added -to ithe: veloc1ty head at the. sill .to determine the" ve~x3ﬁt¢ '
“locity: of flow: enterlng the channel. - Having ‘determined the in- ",

_;:creased veloc1ty, Flgure 15 can: be entered to: determlne the rlp-
ﬂrap stone 51ze requlrement. : : :




The stone size requirement for end sill velocities is compared
in Figure 14 with the stone size regquirement for bottom veloc-
ities in_ channels downstream of stilling basin, Reference 2.
The'comperison indicates that tihe stone size .recommendation
here is comnservative; however, the flow from the sill is in a
downward direction as there is a drop in water surface from
end sill to'channel (Figure 13). Also, the average velocity
plotted in Figure 13 ‘is not as: hlgh as the veloc1ty of. flow =
from the center of. the. 5111.

Tailwater Recommendations

The effect of tailwater on the basin eff1c1ency was determlned

by repeating the above tests using a maximum tailwater controlled
to a depth of d + b/2 above the basin floor as suggested in
Reference 2. (See Figure 1 for definitions). A comparison

of these flow conditions (Figures 15 and 16) with the uncontrolled
tailwater flow conditions (Figures 4 and 6} shows that the

water surface roughness and bed erosion are reduced by the .
higher tailwater but:not sufficient to allow a reduction in
" the basin size. The riprap stone size could be reduced ‘slightly
-as determlned by -the reduced veloc1ty u51nq Figure 14.

Performance . Evaluatlon

Energy d1551pat10n is 1n1t1ated by flow striking the vertical
hanglng baffle and being turned upstream by the horizontal
- portion of the baffle and by the floor, in vertical eddies.
Its effectiveness is best -illustrated by plotting the percent
of ‘energy loss between the entrance portal and the end sill
for a range of operating conditions as represented by the
Froude number (Figure 13). Camparing the energy loss with
the losses in a hydraullc jump shows the impact basin to be
‘more eff1c1ent. :

_ 'Prototype structures prev1ously designed u51ng Reference 2
" but meeting the standards here have operated successfully.
The outlet basins at ‘Picacho South -and North Dams, .discharging o
~ ‘at '80-percent capac1ty, are examples (Figure:17). .The follow1ng_
_table shows the design. requlrements for the 80-percent capacity °
which occurred August 20, 1954, and for the: lOO-percent de51gn
Lcapac1tv ". 2 . O _

< For operatlon at Bo-percent capac1ty, the table shows the _
width of basin and, :therefore, the size of basins ta be adequate. .
" The-.actual performance on ‘August .20, 1954, proved this to ‘ '
"‘be -true, : Flgure 17. However, for 100-percent design capac;ty,
the 'table shows the basins to be about 13 percent undersized
;based on’ the! de51gn .standards- presented ‘herein, Figure 8. o
- The. phétographs in Flgure 17 -seem to . indicate: ‘that the ba51ns
'.,are operatlng at or very near thelr de51red capac1t1es.“




R “Table 1
-DESIGN SPECIFICATIONS 'FOR THE GUTLET WORKS STRUCTURE
© AT PICACHO .NORTH AND. SOUTH DAMS .

Flood of s Maxamum
August 20, 11954 rdesigned flood
South North ) South “North-
‘Dam- “°:* Dam - Dam mmrw

'C.'\

Dlscharge cfs "Q" 130 42100 ° :165  :275

#n ap es we e u

'~Est1mated entrance veloc1ty,
' "Vl? feet_per second
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4Tab1e'l - Continued

. -Maximum
‘designed ‘f£lood
- South T Noxth

Dam Dam '

s Flood of

-tAugust 20, ‘1954
:-"South : North -
Dam ‘Dam -

7R;prap stone dlameter for
recommended basin above
channel. Figure ‘14, inches

‘;Rlprap stone dlameter for

. channel at end sill-
-elevation,. quure 14,
1nches ‘ _

4% 18 &8 sn &% ap. W0 ll " Ol_ (L]

A I T B L T

T

9.8

P A T TR T ATy £

we ge WP &6 SB e wN

9.3

’Stone dlameter spec1f1catlon SRR
" (both dams), 1nches_ 18 to 5-1/2

e se wb e e

The prototype structures at Plcacho ‘South and’ North Dams can also'

.’be used ‘to verify the recommended:size of riprap. Table 1

shows the: computatlons ‘for the recommended stone size to be
‘used in the riprap for fhe design flow conditions and for

. “the- estlmated flow condﬁt;ons that occurred ‘on August 20
’1954 TR : _

-"”fAccordlng to constructlon speclflcatlons for both dams. the '
.- .riprap below: ‘the outlets was to "* * * consist of durable rock

fragments reasonably graded in size * * *" from 1/8 cubic yard

'":(95 ‘cubic centimeters) -to '1/10 cubic foot. (28 cublc centlmeters)

" ‘The" 1nd1v1dual.r9cks, therefore, would vary from about 18- .

'iﬁto 5= l/ =inch. (46— to" 14=-centimeter) cubes:or in welght 500

© to 15 pounds (22,7 'to 6.8 Kilograms). Although it is 1mp0551b1e'3w
from the " photograph of the outlet at: North Dam (Flgure 17). '

o’ determine the size of ‘stones in the channel riprap .at the

'-start -of 'the- ‘LUn, the,bank ‘riprap 1nd1cates ‘that ‘there were..

.JUfVery few: ‘pieces: of the 500-pound size. The few: remalnlng

o [gpleces ‘near “the man: at ‘the :right seem ‘to be in :the-upper: range
. rof -sizes and ‘are- not washed -out. It is also.difficult to

‘ T;determlne ‘the- elevatlon of the ‘channel bed at.the ‘beginning

. wofthe ‘TUn;- but “here: agaln. the ‘bank - rlprap and. the water-
./fall .effect of ;the: .flow: over the:end sill:in PFigure 17 indicate:

ﬂthat the rlprap was placed ‘No " hlgher than the.design:.elevations. =
*shown’in the table.’ Therefore, ‘the: majorlty of .the: stones_~'”"'

*the rlprap should be 28 ‘inches (71 centlmeters) -in dlameter

: ‘h : ?Slnce the spec1f1ed stones were. smaller




At South Dam the. photographs of the outlet: dlscharglng do

‘noct show a waterfall effect from the end sill. Therfore,

the riprap was probably nearer to end sill elevation than
specified in the above table. This would reduce the required
stone diameter -to something less than 18 inches ({46 centimeters)
but greater than 8 inches (20 centimeters).. Since this range
is within that specified, the rlprap ‘would be expected to
‘remain in place and did.

An Alternate End sin'nesign

The alternate end sill design (Figure 1) having 45° wingwalls -
was not: tested in this study. Examination of the data and
photographic results d the earlier studies (Reference 2),
- however, indicated that height of boil and drop in water sur-
. face elevation to the channel (Figure 13) will be reduced
by using the 45° wingwalls and a longer end sill. The use
of this sill would allow the flow to spread more uniformly
over a wider channel and, thereby, reduce erosion tendenczes
and wave heights. :

Debris”Barrier'and Trashrack

At some prototype installations, weeds and debris such as
"Russian thistles have been trapped in the basin between the
pipe portal jand the baffle. This debris has compacted to
the extent of blocking the portal, thus reducing the capacity
of the structure. The compacted weeds will not wash out and
are very difficult to remove. The only satisfactory field
method of removing the debris has been to-destroy portions

of the baffle.

This.condition was tested in the two models using Russian
thistle branches. The model demonstrated that the thistles
would not wash out and no satisfactory method of making the
bas;n selfncleanlng of weeds and debris was developed.

At structures where thlstles or other debris are llkely to be

:a problem, ‘it is suggested that screening be used to cover the

upstream portion of: the basin and that a screen or trashrack
L devlce ‘be used where the flow enters the plpe to. the ba51n.

:.Self-cleanlng Feature

. Sedlment may accumulate in the. ba51n below the hanglng baffle
" during periods of non-use. 'The notches ‘were installed in the
“baffles to- prov1de an opening through which a jet would discharge
- to begln er051on and removal of the sedlment from the basin.

- The 2. 4 foot (73 15-cm) w1de ba51n was operated w1th the portlon o
. of “the basin.below the hanging baffle" blocked to simulate a -
:-sedlment—fllled‘basln,‘ It was' determlned from thlS test that

i




1 - Continued

Maximam
‘designed flood
South North
“Dam Dam

Flood of.
August 20, 1954
South North
- Dam Dam.

“anprap stone diameter for
- recommended basin above.
channel, Figure 14, inches

TR P

TR T

-
o

LRI LI L LR LL RN L I ]

Riprap stone diameter for -

- .channel -at end sill
-alevation, Figure 14,
inches
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© e s an we Ag 98 es o6 k0 sefes e e
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‘Stone diameter specification
{(both dams), inches

1) »e aF an " (1] " ..‘
)
.
o

L 18 to 5-1/2

- e -

.The prototype structures at Picacho South and North Dams can also
“be used to verify the recommended size of riprap. Table 1
.shows the computatlons for the recommended stone size to ‘be
-used in the riprap for the design flow conditions and for
‘the -estimated flow conditions that occurred on August 20,
. 1954 : .

r'Accordlng to constructlon speolfloatlons for both dams. the
riprap below the outlets was to "* ® * consist of durable rock
‘fragments reasonably graded in size * * *" from 1/8 cubic yard

o {95 cubic centimeters) to 1/10 cubic foot (28 cubic centlmeters).

- The ‘individual rocks, therefore, would vary from about 18-

" to 5= l/2-1nch (46~ to l4-—-centimeter) cubes or 'in welght 500

“to LS ‘pounds. (22.7 ‘t0.6.8 kilograms). Although it is 1mpossrble
from the photograph of the outlet at North Dam (Flgure 17)

to determine the size of - stones in the channel riprap at the

- .start of the run,.the bank riprap indicates: that there were
‘very few' ‘pieces of the 500-pound size. The few" remalnlng :
.:pleces ‘near the man at: ‘the right seem to be ‘in the upper range

- .of “sizes and.are .not washed out. It is also difficult to
..determine ‘the elevation of the channel’ bed at the beginning

:jf":,of ‘the run; but, ‘here again, the bank: rlprap and the water-
~..'fall effect of the" ‘flow over the end. 'sill 'in Figure 17 ‘indicate
“that ‘the riprap was placed no higher than the design.eélevations

‘Eshown An the table., Therefore, the majority of the stones
idnrthe! ‘riprap 'should be .28 ‘inches- {71 centimeters) in dlameter
as recommended here. Slnce ‘the specified stones were smaller
: than thls srze, the rlprap would be expected to fa11 and d1d

2 : EEA S S e e BRI _ ‘ .
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Figure 2
Report Hyd-572

V= 9.9 ft/sec (3.02 m/sec) v = 21.58 ft/sec (6.58 m/sec)
Photo PX-D-64315 C = 1,46 ([1.855) Photo PX-D-64316
Q= 3.47 cfs (0.098 cms)

v = 7.89 ft/scc (2.40 m/sec) Vv = 17.15 ft/sec {5.23 m/sec)
Photo PX-D=-64308 C = 1.60 {2.04) photo PX-D=-64307
g=2.76 cfs (0.078 cms)

Vv = 5.84 ft/sec {1.78 m/scc) Vv = 12,69 Ft/sec (3.87 m/sec]
Fhoto PX-D-64314 c = 1.80 (2.29) Photo PX-D-64317
Q = 2.04 cfs {0.058 cms)

Q = (w/c)?/? uhere w = basin width of 2.4 feet (73.15 cm)
V = veleccity of flow at entrance
Tailwater elevation in tailbox is below basin end sill

IMPACT STILLING BASIN
TYPE VI

Test Flows with Uncontrolled Tailwater




Figure 3
Report Hyd-572

vV =9.9 ft/sec (3.02 m/sec)

YV = 21.58 ft/sec (6.58 m/sec)
Photo PX~D=-64311 C = 1.46 (1.855)

Photo BX-D-64310
3.47 cfs (0.098 cms)

V =7.89 fL/sec (2.40 m/scc)

VvV = 17.15
Photo PX-D-64309

ft/sec (5.23 m/sec)
C = 1.60 (2.04) Photo PX-D-64306
2.76 cfs (0.078 cms)

V = 5,84 ft/sec (1.78 m/sec) V = 12.69 ft/sec (3.87 m/sec)
Photo PX-D-64312 CR=R1IS8 08I (2525

Photo PX-D-64313
Q 2.04 cfs (0.058 cms)

(w/c) 2/ where w = basin width of 2.4 feet (73.15 cm)
velocity of flow at entrance.

Tailwater elevation in the
tailbox at d + b/2 (see Figure 1)

IMPACT STILLING BASIN
TYPE VI

Test Flows with Controlled Tailwater




Figure 4
Report Hyd-572

F = 1.34

wW/D = 4.06
satisfactory
PX-D=-64318

F = 1.81
w/D = 4.06

Satisfactory
PX-D-64320

F = 2.27
W/D - 4.06

Unsatisfactory
PX-D-64322

Note: For erosion
results see Figure 5;
for plot of these
operating conditions
see Figure 8.

IMPACT STILLING BASIN
TYPE VI

Entrance Pipe Flowing Full with Uncontrolled Tailwater
in 2. .-foot-wide Basin




Figure 5
Report Hyd-572

Fal,34
W/D = 4.06
No erosion
Satisfactory
PX-D-64319

F = 1.81
W/D = 4.06
Erosion
Satisfactory
PX-D~6432)

F = 2,27

W/D = 4.06
Excessive erosion
Unsatisfactory
PX-D-64323

Note: For plot of
these operating con-
ditions see Figure 8.

IMPACT STILLING BASIN
TYPE VI

Erosion for Uncontrolled Tailwater with Entrance
Flowing Full in 2.4-foot-wide Basin




Figure b
Report Hyd-—-572

F = 3.53
W/D = 5,98
Satisfactory
PX-D-64324

F = 4.77

W/D = 5,38
Unsatisfactory
PX-D-64326

F=6.01

W/D = 5.98
Unsatizfactory
PX-D~64328

Note: For erosion
results see Figure 7;
for plot of these
operating conditions
see Figure §.

IMPACT STILLING BASIN
TYPE VI

Entrance Pipe Flewing Half Full with Uncontrolled
Tailwater in 2.4-foot-wide Basin




Figure 7
Report Hyd-572

F = 3.53

W/D = 5.98
Minor erosion
satisfactory
PA-D~64325

F = 4,77

W/D = 5.98
Excessive Erosion
Unsatisfactory
PX-D-64327

F = 6.01

W/D = 5.98
Excegsive Erosion
Unsatisfactory
PX-D-64329

Note; For plot of
these operating
conditions see
Figure 8.

IMPACT STILLING BASIN
TYPE VI

Erosion for Uncontrolled Tailwater with Entrance Pipe
Flowing Half Full in 2,4-foot~wide Basin




FIGURE 8
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T .1 T -
See Figure 9

-]
>

Sée Figure 4, ]
= v aY

N BN

See

‘j -See Figure 10

(© of W/ = 308,

‘ o - Sarisfu'ct'olry Hydraulic ‘Performance
‘X - Unsatisfactory Hydroulic Performance

]

2 3 - 4 5
'FROUDE NUMBER - v/f@D0

NOTES.

W is the |n5|de width of - the_basin. L
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Figure 9
Report Hyd-572

F = 5,87

W/D = 8.15
No erosion
Satisfactory
PX-D-64339

F = 6.67

W/ = §.15
o erosion
Satisfactory
PX-D=64340

F = 7.59

W/D = 8.15
Minor erosion
Unsatisfactory
PX-D-64341

Note: For plot of
these operating con-=
ditions see Figure 8.

IMPACT STILLING BASIN
TYPE VI

Entrance Pipe Flowing One-fourth Full with Uncontrolled
Tailwater in 2.4-foot-wide Basin




Figure 10
Report Hyd-572

F = 0.91
W/D = 13.08
No erosion
Satisfactory
PX-D-64346

v =1,07

W/D = 3.08
No ergsion
Satisfactory
PX-D-64347

F = 1.27

W/D = 3.08
Minor erocsion
Unsatisfactory
BX-D~64348

Note: For plot of
these operating con-
ditions see Figure 8,

IMPACT STILLING BASIN
TYPE VI

Entrance Pipe Flowing Three-fourths Full with Uncontrolled
Tailwater in l.6-foot-wide Basin




Figure 11
Report Hyd-572

F= 1,01

W/D = 3.B1
No erxosion
Satisfactory
PX-D=-£4342

F = 1.56

W/D = 3.81
No erosion
Satisfactory
pX~-D~64343

= 1,83
W/D = 3.81
Minor erosion
Unsatisfactory
PX~N-64344

Fi=2.17

W/D = 3.81
Excessive exosion
Unsatisfactory
PX-D-64345

Nete: For plot of
these operating con-
ditions see Figqure 8.

IMPACT STILLING BASIN
TYPE VI

Entrance Pipe Flowing Half Full with Uncontrolled
Tailwater in l.6-foot-wide Basin

(AL LS L H




Figure 12
Report Hyd-572

F = 3.72

Ww/D = 6,14
No erasion
Satisfactory
PX=-D-64336

= 5,11
W/D = 6.14
Excessive erosion
Unsatisfactory
PX~D-64337

F = 6.28

W/D = 6.14
ExXcessive erosion
Unsatisfactory
PX-D-64338

Note: For plot of
these operating con-
ditions see Figure 8.

IMPACT STILLING BASIN
TYPE VI

Entrance Pipe Flowing One-fourth Full with Uncontrolled
Tailwater in l.6-foot-wide Basin




~ FIGURE -13. .
REPORT HYD- 572

| "va" is the flow veiocity"'over

e end sill.
"v," is the flow velocity ot fhe
entrance to the bosin.

1
T T T T 1 T 1 1
“AD" is the drop in water surface
elevation from the end sill to
“the discharge channel with the
channel bed of end sill elevation,
"w" is the recommended - basin width.
; ”/
/

)

/ur w.o. : . -
E." is the-energy loss in the |
flow ‘from basin entronce _
to the -end sill. : o

/ l E. is the’ flow energy at the |

: ) entronce : :

TTTITL
Energy .l0ss in.0 jump
-on a h._or_izo‘ntol floor-"
HEEN! -
2 .3 -4 5 .6 7 8
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-.-(Wheré “D, is the -squore root.of ‘the I:russ-sechonul
-areq of 1he enfrunce fiow oreo:)
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) FIGURE 14
", REPORT WYD- 572

40

. -NOTE

“The-riprap should be composed.

" of o weli graded mixture but =
most of the stones should
be of the size.indicated by .
the curve. .

End sill velocity in
Type MI:Bosin VS’ stone
size required in ri'prop.

-— — — Bottom velocity in
o channel VS stone size
required in riprop. {See
Figure 165 in reference 2)
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Figure 15
Report Hyd-572

F=1.34

W/D = 4,06
No erosion
Satigfacrory
PX~D-64332

F = 1l.81
W/D = 4.08
Mo erosion
Satisfactory
PX-D~64331

F = 2.27

W/D = 4.06
Excessive ergsion
PX-D=64330

Note: Tailwater =
d + h/2; see Pigure 1
for definitions

IMPACT STILLING BASIN
TYPE VI

Entrance Pipe Flowing Full with Controlled Tailwater
in 2,4-fcot-wide Basin




Figure lb
Report Hyd-~572

F = 3,53
W/b = 5.98
No erosion
Satisfactory
PX-D-64333

F = 4.77

W/D = 5.98
Minor erosion
Unsatisfactory
PX-D-64334

F = 6.01

W/D = 5,98
Excessive erosion
Unsatisfactory
PX-D-64335

Note: Tailwater =
d + b/2; see Figure 1
for definitions

IMPACT STILLING BASIN
TYPE VI

Entrance Pipe Flowing Half Full with Controlled
Tailwater in 2.4-foot-wide Basin




Figure 17
Report Hyd-572

Sauth Dam outlet works struc-
ture discharging 130 cfs (30
percent of maximum). Phota
P¥-D-31830.

pPicacho North Dam outlet works
structure discharging 210 cfs
(80 percent of maximum capac-—
ity). Photo PY-D-64350.

Scour below Picacho North Dam
outlet works following flood
of August 20, 1954, Evidence
points to undersized riprap.
Photo PX-DP-64351,

Note: At £full capa-
city the basins are
approximately 13
percent undersized
based on present
design standards.

IMPACT STILLING BASIN
TYPE VI

Prototype Operation




- CONVERSION FACTORS-~BRITISE TO METRIC UNTTS OF MEASUREMENT

. 'The following conversion factars adopted by the Boreau of Reclamation are those published by the'American Society for

. Tasting and Materials (ASTM Metric Praciice Guide,  Jammary. 1964} except that {cnal facters (%) commonly used in-

- _{he Bureas have been added, - Further dlscussion of definitions of quentities and units s given on pages 10-11 of the

" ASTM Metric Practice Guide.” - = " 7 T T CorLL
The metrie units and conversion factors adopted by the ASTM are based on the n[ritrnationsl System of Units" (designated i
8I for Systeme International d'Unites), flxed by the International Committee for Welghts and Measures; this system is ..o S
.also knawn as the Glorgl or MESA (meter-kilogram {mass)-second-ampere). system. This systern has been adopted by the -
Internation=1 Organization for Standardizetion {n ISO Reconimendation R-31.:70 o it e T e L

. The metrie technical unlt of force 1s the ldlogsam-'iorce;‘uﬂs 15 the force which, when applied to-abedy havinga. &
. mass.of 1 kg, gives it an'acceleration of 9, 808685 m/sec/sec, the stardard acceleration free full toward the earth’s = .
center for sea level at 45 deg Iatitude. The metric unit of force 1n 81 units is the newton (N}, which isdeflnedas ™ ;" .~

. that force which, when applied to a body baving & mass.of 1.kg, gives 1t an aeceleration of L m/sec/sec. - These units’ . © .
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. body 1s that force with which 2 body ie attracted to the earth and 1s equal to the mass of a body. multiplied by the - ;

. apcaleration dus to gravity. | However, because It is general practice to use "pound'! ‘the technically O
correct term "pound-force,” the term "kilogram” {or derived mess.unit} has been used in this quide instead of "ilogram=.. -~
force‘;ii:l im&eﬂgg the conversiom factors foy‘forces. The newton unit of force wili find increesing use, and 1s =~ 4 "L oY
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